The study aimed to investigate whether S100A9 gene silencing mediating the IL-17 pathway affected the release of pro-inflammatory cytokines in acute pancreatitis (AP).
hypercholesterolaemia, iatrogenic procedures and other idiopathic causes. 4 It is estimated that approximately 30% of all AP patients will be subject to severe attacks, which is indicative of a high mortality rate. 5 Owing to both the high mortality rate and exorbitant medical costs associated with the treatment of the more severe cases of AP, treatment of AP remains a critical challenge to the field of gastroenterology. 6 Schenckenburger et al demonstrated the roles of S100 calcium-binding protein A9 (S100A9) in inflammatory cell infiltration and in cell-cell contact regulation. 7 S100A9, which is commonly referred to as myeloid-related protein-14 (MRP14), is a primary member of the S100 family of proteins and has been linked to acute and chronic inflammatory conditions. 8 Furthermore, elevated levels of S100A8/A9 have been detected in a variety of inflammatory diseases, such as rheumatoid arthritis and inflammatory bowel disease. 9 During this study, we aimed to elucidate the mechanisms involved with S100A9 and its role in AP.
When combined with S100A8, S100A9 constitutes the heterodimeric protein calprotectin (S100A8/9), which is expressed in nearly all cells, tissues and fluids in the human body. 10 A recent study explored the relationship between pancreatic cancer, S100A9/A8
and transforming growth factor beta 1 (TGFb1) concluded that the overexpression of S100A9/A8 by infiltrating inflammatory cells and the expressions is related to TGFb1 in pancreatic ductal adenocarcinoma (PDAC). 11 Interleukin-17 (IL-17), a pro-inflammatory cytokine mainly produced by T-helper 17 (Th 17) cells, has been reported to play a crucial role in the development of an effective immune response. 12 , 13 Liu et al reported that IL-17 played a pivotal role in the pathogenesis of numerous inflammatory diseases in the central nervous system (CNS), such as multiple sclerosis and stoke, 14 whereas Dai et al suggested that serum IL-17 was an early prognostic biomarker of severe acute pancreatitis in patients receiving continuous blood purification. 15 However, few studies have appeared to place an emphasis on the effects of S100A9 and the release of proinflammatory cytokines through the IL-17 signalling pathway in AP.
Hence, during this study, we aimed to explore the roles of S100A9
in the release of pro-inflammatory cytokines via the IL-17 signalling pathway in a mouse model of AP.
| MATERIALS AND METHODS

| Ethics statement
All animal use and experimental procedures were performed in accordance with the Declaration of Helsinki, 16 as well as in agreement with the Experimental Animal Ethics Committee of Key Laboratory for Biotechnology on Medicinal Plants of Jiangsu Province, School of Life Science, Jiangsu Normal University.
| Establishment of AP mouse model
A total of 90 healthy male Kunming (KM) mice were raised under a specific pathogen animal (SPF) environment (23°C room temperature, 65% relative humidity and 12/12 hours light/dark cycle), with free access to water and food deprivation a minimum of 12 hours.
The mice were then divided into 6 groups (15 mice each group), Guangzhou Whiga Technology Co., Ltd., Guangzhou, Guangdong, China) was used for colour development for a period of 3-10 minutes, and the samples were washed with double-distilled water (DDW) for 10 minutes after the reaction had been stopped.
The sections were then counterstained with haematoxylin (Shanghai Fusheng Industrial Co., Ltd., Shanghai, China) for 1 minute and soaked in 1% hydrochloric acid-ethanol mixtures for 10 seconds.
After washing with running water, the tissues were stained to turn blue for 10 seconds using 1% ammonia. Next, the samples were After centrifugation at 4°C (8000 rpm, 5 minutes) to discard the supernatant, the samples were dried by means of airing at room temperature and in certain cases, vacuumed for 5-10 minutes. DEPC (20 lL) was used to dissolve the precipitation, followed by determination of RNA concentration. The primer sequences were synthesized by Takara (Takara Biotechnology Co., Ltd., Dalian, China; Table 1 ), and then, reverse transcription was performed using the Reverse Transcription Kit (Beijing Transgen Biotechnology Co., Ltd., Beijing, China) in accordance with the manufacturer's instructions.
The reaction conditions were as follows: 42°C for 30-50 minutes (reverse transcription) and 85°C for 5 seconds (enzyme deactivation).
Reversely transcribed cDNA was diluted to 50 ng/lL (adding 2 lL each time), whereas the amplification system was 25 lL. 
| Western blotting
After weighing, the cooled pancreatic tissues from each group were placed in a glass grinder containing 1 mL ice-cold normal saline.
After homogenization in an ice bath, the tissues were centrifuged (12 000 rpm/min) at 4°C for 20 minutes, and the supernatant was 
| Construction of lentiviral vectors
On the basis of the known mRNA sequence of S100A9 gene deposited in the GenBank database, siRNA design online software, BLOCKiT RNAi Designer (Invitrogen Inc., Carlsbad, CA, USA), was utilized to synthesize the primer sequences of shRNA1-S100A9 and shRNA2-S100A9 as well as the randomly selected NC sequences (Sigma, St.
Louis, MO, USA) without targeting any gene. The sequences were as follows: shRNA1-S100A9: Sense: 5 0 -GCAGCATAACCACCATCATCG- F, forward; R, reverse; S100A9, S100 calcium-binding protein A9; IL-17, interleukin-17; HMGB1, high-mobility group box 1 protein; S100A12, calgranulin C; TLR4, toll-like receptor 4; RAGE, receptor for advanced glycation end products; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RT-qPCR, reverse transcription quantitative polymerase chain reaction.
plasmid expressing shRNA1 and shRNA2 were produced and transformed to E-coli DH5a. A total of 16 single colonies were selected using medium containing ampicillin (A8180, AMRESCO, Inc., Solon, OH, USA) and amplified. The PCR amplification was then performed, followed by another preliminary selection. The plasmids were extracted using Gen Elute GenElute Plasmid Kit (PLD35-1KT 
| AP cell model establishment and grouping
The HPNE cells were purchased from ATCC (Maryland, US) and induced by caerulein to construct an AP cell model. The HPNE cells at the logarithmic growth phase were seeded into a 6-well plate. and shRNA2 group (HPNE cells induced by 1 9 10 À8 mol/L cerulein added with 1010 IU/mL shRNA2-S100A9 lentivirus solution). DeTie Experimental Equipment Co., Ltd., Nanjing, China). All experiments were repeated 3 times. Cell viability curves were drawn with time-point as abscissas and OD value as ordinates. 
| Flow cytometry
| Statistical analysis
All statistical analyses were performed using SPSS 21.0 software
(International Business Machines Corporation (IBM) Company, New
York, USA). Enumeration data were reported as rate or in percentage form. Comparisons among groups were analysed by chi-square test.
Measurement data were expressed as mean AE standard deviation (SD). The comparisons between two groups were analysed by means of t test, whereas comparisons among multiple groups were performed using one-way analysis of variance (ANOVA). P < .05 was considered to be statistically significant. Table 2 ).
| S100A9 gene silencing blocks the activation of IL-17 signalling pathway in vivo
Both RT-qPCR and Western blotting indicated that the mRNA and protein expressions of S100A9, TLR4, RAGR, IL-17, HMGB1 and S100A12 in the AP group were all higher than those in the normal group (all P < .05). The AP + shRNA group had significantly lower mRNA and protein expressions of S100A9, TLR4, RAGR and HMGB1, as well as an insignificant reduction in the expressions of IL-17 and S100A12 compared with the normal group. Furthermore, there were significantly lower mRNA and protein expressions of S100A9, TLR4, RAGR, IL-17 and HMGB1, while insignificant reductions in the expressions of S100A12 in the AP + anti IL-17 group.
There was no significant difference detected among the AP, AP + NC and AP + IgG groups (P > .05; Figure 3A , B).
| S100A9 gene silencing blocks the activation of IL-17 signalling pathway in vitro
In comparison with the control group, the blank, NC, shRNA1 and shRNA2 groups had increased mRNA and protein expressions of S100A9, TLR4, RAGE, IL-17, HMGB1 and S100A12 (all P < .05).
Compared with the blank and NC groups, the shRNA1 and shRNA2 groups had displayed notably decreased mRNA and protein expression of S100A9, TLR4, RAGE and HMGB1, as well as no significant declines in the expressions of IL-17 and S100A12. No significant difference was observed between the shRNA1 and shRNA2 groups (Figure 4 ; P > .05).
| S100A9 gene silencing increases cell proliferation
Compared with the control group, cell proliferation in the blank, NC, shRNA1 and shRNA2 groups was reduced, when measured after 48
and 72 hours (all P < .05). However, no significant difference was found between the blank and NC groups at each point (all P > .05).
Compared with the blank and NC groups, the shRNA1 and shRNA2 groups showed increased proliferation capacities both at 48 and 72 hours, whereas the proliferation capacities of the shRNA1 group were slightly higher than that in the shRNA2 group (P > .05; Figure 5 ).
3.7 | S100A9 gene silencing promotes cell cycle entry while decreasing cell apoptosis PI staining results illustrated in Figure 6A and B indicated that when compared with the control group, the percentage of cells at the G1 F I G U R E 2 Pathological morphology of pancreatic tissues in each group measured by HE staining (9200). HE, haematoxylineosin phase had increased, whereas reductions at the G2 and S phases were recorded in the blank, NC, shRNA1 and shRNA2 groups (all P < .05). There were no statistically significant differences observed between the blank and NC groups (all P > .05). Compared with the blank and NC groups, the percentage of cells decreased at the G1 phase; however, increases at G2 and S phases in the shRNA1 and T A B L E 2 Expressions of AMY, LDH, CRP, TNFa, IL-6 and IL-8 in serum in each group F I G U R E 3 Relative mRNA and protein expressions of S100A9, TLR4, RAGE, IL-17, HMGB1 and S100A12 in pancreatic tissues in each group examined by RT-qPCR and Western blotting. (A) mRNA expressions of S100A9, TLR4, RAGE, IL-17, HMGB1 and S100A12 in pancreatic tissues in each group examined by RT-qPCR; (B) protein expressions of S100A9, TLR4, RAGE, IL-17, HMGB1 and S100A12 in pancreatic tissues in each group examined by Western blotting; *P < .05 compared with the normal group; # P < .05 compared with the AP group; S100A9, S100 calcium-binding protein A9; TLR4, toll-like receptor 4; RAGE, receptor for advanced glycation end products; IL-17, interleukin-17; HMGB1, high-mobility group box 1 protein; S100A12, calgranulin (C) RT-qPCR, reverse transcription quantitative polymerase chain reaction; AP, acute pancreatitis 
A B C
F I G U R E 4 Relative mRNA and protein expressions of S100A9, TLR4, RAGE, IL-17, HMGB1 and S100A12 in HPNE cells in each group determined by RT-qPCR and Western blotting. (A) protein expressions of S100A9, TLR4, RAGE, IL-17, HMGB1 and S100A12 in HPNE cells in each group determined by Western blotting; (B) mRNA expressions of S100A9, TLR4, RAGE, IL-17, HMGB1 and S100A12 in HPNE cells in each group determined by RT-qPCR; *P < .05 compared with the control group; # P < .05 compared with the blank and NC group; S100A9, S100 calcium-binding protein A9; TLR4, toll-like receptor 4; RAGE, receptor for advanced glycation end products; IL-17, interleukin-17; HMGB1, high-mobility group box 1 protein; S100A12, calgranulin (C) RT-qPCR, reverse transcription quantitative polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; AP, acute pancreatitis shRNA2 groups were observed (all P < .05). Among cells in the shRNA1 group decreases of cells at the G1 phase but increases at G2 and S phase in comparison with the shRNA2 group were observed.
Annexin-V-FITC/PI double-staining results shown in Figure 6C and D revealed that comparisons of the apoptotic rate in the control NC groups (P > .05). Compared with the blank and NC groups, the shRNA1 and shRNA2 groups had decreases in apoptotic rates (all P < .05). The apoptotic rate in the shRNA1 group was slightly lower than that in the shRNA2 group (P > .05).
| DISCUSSION
The prognosis of AP is generally unfavourable, whereas the rate of recurrence is as high as 17%. Approximately 8% of AP patients will fall victim to chronic pancreatitis within a 5-year period. 20 Therefore, it is of significant urgency that more effective treatments are used to alleviate the issue of recurrence. Our findings provided evidence that S100A9 silencing inhibited the release of inflammatory cytokines, suppressed the proliferation and promoted apoptosis of pancreatic cells in a mouse model of AP, via the blockade of the IL-17 signalling pathway, thus highlighting the potential of S100A9 as a therapy target in the treatment of AP.
Elevated expression of S100A9 has previously been detected in the progression of a number of inflammatory diseases, including psoriatic arthritis, 21 systemic lupus erythematosus 22 and inflammatory bowel disease. 23 Likewise, this was detected in our results, in which we identified increased expression of S100A9 in our AP mice models.
As a member of the S100 family, with the exception of those affecting epithelial tissues, S100A9 maintains its regulatory influence on cellular processes including transcription, proliferation and differentiation. 24 In addition, combined with its heterodimer partner S100A8, S100A9 exerted growth-inhibitory and apoptosis-inducing effects in a variety of cells via the classical mitochondrial pathway. 25, 26 Moreover, Li et al asserted that the overexpression of S100A9 could induce cell apoptosis and inhibit cell growth. 27 Therefore, during our study, it was inferred that S100A9 gene silencing could act to promote cell growth and inhibit cell apoptosis in AP. S100A8/S100A9 was shown to control the G2/M cell cycle checkpoint as well as the apparent dysregulation that occurred, leading to the loss of the checkpoint in head and neck squamous cell carcinoma. 28 During the process, p53, correlated with cell cycle, apoptosis and adipogenesis, can modulate S100A9 transcription. 29 Initially, S100A8/A9 enhanced the activity of PP2A phosphatase as well as p-Chk1 (Ser345) phosphorylation, leading to the inactivation of the G2/M Cdc2/cyclin B1 complex through the inhibitory phosphorylation of mitotic p-Cdc25C (Ser216) and pCdc2 (Thr14/Tyr15); followed by the decrease in the expression of Cyclin B1 and cell cycle arrest at the G2/M checkpoint, which ultimately resulted in the reduction in cell division and the negative regulation squamous cell carcinoma growth. 30 In a zinc-reversible manner, S100A8/A9 induced apoptosis in various human and mouse tumour cell lines, including colon cancer cell lines. 31 In a previous study reported by Schnekenburger et al, he and his team found that pancreatitis induced an increased level of S100A9 in the pancreas and the application of S100A8/A9 in mice induces pancreatic cell-cell contract dissociation which could trigger cell apoptosis. 32 Once the activation of the IL-17 signalling pathway is mediated by S100A9, HMGB1 and RAGE both of which are cell death biomarkers are upregulated, thus leading to cell apoptosis. 33 IL-17 is characterized by its ability to induce the expression of both cytokines and chemokines and has been reported to participate in the amplification of inflammatory responses. 34 The significant effects of IL-17 blockade have proved to be controversial, due to its weak functions in vitro, as on the one hand IL-6 secretin, nuclear factor-jB (NF-jB) or other pro-inflammatory, which were only activated under high levels of cytokines, whereas on the other hand IL-17 exhibited significantly potent synergy in its ability to link with other cytokines such as IL-1b and TNFa. 35 In the present study, we found that S100A9 exerted its effects by blocking the IL-17 signalling pathway. This was supported by a study reviewing the synovial fluid (SF) of rheumatoid arthritis (RA), which initially indicated that S100A9 level was closely associated with IL-17 and IL-6, the critical factor to induce T-helper (Th) 17 differentiations. | 2387 of activation. 40 Considering that S100A8 and S100A9 were less stable than S100A8/A9 heterodimers, S100A8/A9 heterodimers are usually referred to when discussing pro-inflammatory activities. 41 The main receptors for S100A8, S100A9 and calprotectin are TLR4, which represent the dominant receptor for the S100A8/S100A9 signalling pathway, as well as RAGE; however, the specific receptors and pathways for S100A8, S100A9 and calprotectin are mainly dependent on the cell type. 42 For example, activated microglia produces significantly greater levels of S100A9 in Alzheimer's disease. 43 A previous study indicated that both TLR4 and RAGE proteins were overexpressed in pancreatitis, as well as highlighting the ability of S100A9 to activate the IL-17 signalling pathway and regulate the expression of inflammatory factors by binding to the cell surface receptors TLR4 and RAGE proteins. 44 Once secreted, S100A8/ S100A9 has the potential to bind to TLR4, which displayed proinflammatory functions, and result in the up-regulation of pro-inflammatory cytokines, the activation of endothelial cells and macrophages. 36 In conclusion, the results of the present study demonstrated that 
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